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(54) Power controller of an induction motor 



(57) A power controller of an induction motor C, L1, L2 with a main winding L1 and with an auxiliary winding 
L2 provides power control of the motor by means of a recurring digital word, such as from a ring counter 2. 
The auxiliary winding L2 has tappings N1, N2 and different power levels of the motor are set by the connection 
of the auxiliary winding or one of its sub-windings by means of triacs T1 - T4. Firstly a coarse adjustment of the 
power to be output by the motor is effected by the selection of a specified power level and at the same time for 
the fine adjustment a recurring digital m-bit keying pattern is generated by the ring counter 2 so that the motor 
is operated alternately with the set power level and with a next higher or next lower power level. This permits 
automatic power regulation. A microprocessor 3 carries out the coarse adjustment via a drive circuit 1 and at 
the same time generates the m-bit keying pattern which is stored in the ring counter 2. In alternative 
embodiments (Figs. 3 and 4) a single triac T1 connected to the main winding L1 is switched by the drive circuit 
1. Further aspects relate to the microprocessor 3 and ring store 2. Uses include driving a pump, fan and hoist. 
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A Process for the Power Control of an Induction Motor 

The invention relates to a process for the power control of 
an induction motor run from a single-phase supply mains, in 
particular a capacitor motor, and a device for the 
implementation of this process according to the invention. 

DE 36 07 162 C2 describes a capacitor motor which is run 
from a single-phase supply mains and wherein a first switch 
connects the main winding in series to the auxiliary 
winding and in parallel to the capacitor and a second 
switch connects the main winding in parallel to the series 
arrangement of auxiliary winding and capacitor. When this 
motor is switched on by the closure of the first switch, 
the motor runs at a low power level. If, on the other 
hand, the first switch is opened and the second switch is 
closed, the motor runs at its highest speed and thus 
supplies the highest power. Finally, by alternately 
changing over between the two switches, the motor can be 
set at a power output between the two aforementioned power 
levels. Finally, the power output by the motor can be 
further reduced if, with the first switch closed, and thus 
with the main winding connected in series to the auxiliary 
winding, the entire motor is connected to the supply mains 
in alternating fashion. The switches are driven by a 
switch control device in such manner that the switching 
processes in each case take place in the zero transition of 
integral periods of the alternating current. The 
generation of the control signals for these switches by 
means of the switch control device is not explained however 
in this document. 



US 4 737 701 discloses such a capacitor motor, the 
auxiliary winding of which, for the formation of a 
plurality of sub- windings , possesses tappings which via a 
selector switch selectively can be connected in series with 
the main winding, so that these sub-windings are no longer 
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available as an auxiliary winding. Depending upon the 
position of the selector switch, different operating points 
can be set, leading to different speeds of the motor and 
thus also to different torques. 

Furthermore DE 40 31 708 Al discloses a process for the 
differential pressure regulation of a pump system which 
employs a capacitor motor of this kind known from the above 
mentioned publication. In order to obtain a constant 
differential pressure in the pump system, the tappings from 
the auxiliary winding are connected to the main winding of 
the motor as a function of an actual value. 

The power control of the capacitor motor on which this 
regulation process is based leads however to a 
discontinuous regulation, the properties of which are 
dependent upon the number of tappings of the auxiliary 
winding. In order to adjust the controlled variable more 
precisely to a setpoint value, a large number of tappings 
would thus be required, leading however to too high costs 
of the capacitor motor. 

Therefore the aim of the invention is to provide a process 
for the power control of an induction motor of the type 
referred to in the introduction run from a single-phase 
supply mains, with which a virtually constant regulation of 
a controlled variable and a virtually constant control of a 
control variable can be effected and furthermore in a cost- 
favourable manner. A device for the implementation of this 
process according to the invention is also to be provided. 

According to a first aspect of the present invention, there 
is provided a process for the power control of an. Induction 
motor run from a single-phase supply mains, with a main 
winding and an auxiliary winding, wherein by means of a 
switch controllable by a drive circuit the main- winding is 
directly connected to the single-phase supply mains, 
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wherein: a) for the setting of the power to be output by 
the induction motor a recurring digital m-bit data word is 
generated, b) the switch is actuated as a function of the 
consecutive logic values of the m-bit data word and c) the 
actuation of the switch is synchronised with the mains 
frequency . 

Thus, for the setting of the power to be output by the 
induction motor a recurring digital (binary) m-bit data 
word (code word) is generated and the switch is actuated as 
a function of the consecutive logic values, where the 
actuation of said switch is synchronised with the mains 
frequency. Since the motor runs at its highest power level 
when the switch is closed and is set at its lowest power 
level when the switch is open, intermediate power levels 
can be set as a function of the m-bit data word and thus 
the range between the lowest and the highest power levels 
can be discretized, where the number of discretization 
stages depends upon the length of the m-bit data word. 
With an appropriate selection of the length m and when the 
time duration of a discretization stage - i.e. the time 
duration defined by the number of repetition cycles of a rn- 
bit data word - is selected to be short, a virtually 
constant regulation or control response of the motor can be 
achieved . 

According to a second aspect of the present invention, 
there is provided a process for the power control of an 
induction motor run from a single-phase supply mains, with 
a main winding and with an auxiliary winding provided with 
n tappings, wherein different power levels of the induction 
motor can be set by means of (n + 2) switches which are 
controllable by a drive circuit, in that in each case with 
a switch the auxiliary winding can be connected in series 
with the main winding or in each case a tapping of the 
auxiliary winding can be connected to the main winding or 
the main winding is directly connected to a phase of the 
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single -phase mains, wherein: a) for the coarse adjustm nt 
of the power to be output by the induction motor a 
specified power level is set by the closure of a first 
switch, b) for the fine adjustment of the power to be 
output by the induction motor a recurring digital m-bit 
data word is generated, c) as a function of the consecutive 
logic values of the m-bit data word, the first switch 
selected for the coarse adjustment of the power output is 
actuated in alternation with a second switch, where this 
second switch sets the next higher or the next lower power 
level compared to the first switch and d) the alternating 
actuation of the first and second switches is synchronised 
with the mains frequency of the single-phase mains. 

In the case of the second mentioned solution, for the 
coarse adjustment of the power to be output by the 
induction motor, a specified power level is set by the 
activation of a first switch and at the same time for the 
fine adjustment of the power to be output by the induction 
motor a recurring digital m-bit data word is generated. As 
a function of the consecutive logic values of the data 
word, the first switch selected for the coarse adjustment 
of the power output is actuated in alternation with a 
second switch, where this second switch sets the next 
higher or the next lower power level compared to the first 
switch. Here the alternating actuation of the first and 
second switches is synchronised with the mains frequency. 

Advantageously, with this keying of the m-bit data word 
according to the invention, a plurality of power levels 
present between two power levels can be set without the 
need for additional tappings from the auxiliary winding. 
The number of these additional power levels is dependent 
upon the length m of the m-bit data word. As an induction 
motor has large time constants, with the selection of an 
appropriately short time duration of a discretization stage 
- i.e. the time duration defined by the number of 
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repetition cycles of a m-bit data word - of for example 80 
ms and a 8 -bit data word, the process according to the 
invention leads to a virtually constant control response. 

An idea common to both aspects is that of making available 
a simple and effective conversion of a setpoint value or 
control deviation into a control variable for the variable 
to be controlled or regulated, here the power to be output 
by the motor, where the control variable, i.e. the m-bit 
data word (code word) , is generated as a function of the 
setpoint value or control deviation. 

The invention also provides devices for implementation of 
the above processes . 

Corresponding to the first aspect, a microprocessor and a 
ring store are provided, where the microprocessor generates 
the m-bit data word as a function of a setpoint value or a 
control deviation and supplies the latter to the ring 
store, and the ring store forwards the logic values of the 
m-bit data word successively to the drive circuit for the 
setting of the power to be output by the motor, so that the 
switch undergoes a corresponding on-off keying. 

Corresponding to the second aspect, a microprocessor is 
provided which on the one hand, as a function of a setpoint 
value or a control deviation, carries out, via the drive 
circuit, the coarse adjustment of the power to be output by 
the motor and on the other hand generates the m-bit data 
word and supplies the latter to a ring counter. The m-bit 
data word is read out successively from this ring counter 
and for the fine adjustment of the power to be supplied by 
the capacitor motor likewise is supplied to the drive 
circuit. Here the switch which carries out the coarse 
adjustment is on/off -keyed in alternation with a further 
switch in accordance with the m-bit data word. Preferably 
a zero transition detector is provided for the clock 
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control of the ring counter. 

In this way the process according to the invention can be 
carried out using a simple device as regulating devices 
which regulate the motor power of induction motors normally 
are provided with a microprocessor and thus only a ring 
counter which stores the m-bit data word is additionally 
required . 

The co-ordination between a m-bit data word and a setpoint 
value is stored in a table, whereby a simple access 
possibility is -provided. If an automatic regulating system 
is to be constructed, each control deviation is assigned a 
m-bit data word and likewise stored in a table. 

In an advantageous embodiment of the invention wherein the 
auxiliary winding is provided with tappings, the entire 
auxiliary winding of the motor is connected in series with 
its main winding, for which reason the motor generally 
operates at the lowest power level. However, commencing 
from this power level the adjustment range can be markedly 
extended downwards by means of one single energization of 
the auxiliary winding. For this purpose the switch which 
sets the lowest power level must be actuated, to which end 
a corresponding m-bit data word, which leads to an on/off 
keying of this switch, is generated. 

The synchronisation of the keying with the zero transition 
of the current can be achieved by sensing the auxiliary 
current, by calculation from a table stored in the 
microprocessor, or on the basis of the intermittent 
switching-on of the switch. 

Preferred embodiments of the present invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, of which: 
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Figure 1 is a block circuit diagram of a circuit 
arrangement for the implementation of the process according 
to the invention where the auxiliary winding possesses 
tappings ; 

Figure 2 is a time-speed diagram of a capacitor motor 
regulated by the process according to the invention 
illustrated in Figure 1; and 

Figures 3 and 4 in each case represent a block circuit 
diagram of a further circuit arrangement for the 
implementation of the process according to the invention, 
where an auxiliary winding without tappings is used. 

In Figure 1 the main winding, the auxiliary winding and a 
starting capacitor of a single-phase capacitor motor have 
been referenced LI, L2 and C. Here the series circuit 
comprising the capacitor C and the auxiliary winding L2 is 
connected to the terminals N and L of a single-phase mains 
which supplies the operating voltage for the induction 
motor. A further series circuit comprising the main 
winding LI, a shunt resistor R s and a semiconductor switch 
T4 is connected in parallel to the starting capacitor C. 
The auxiliary winding L2 also comprises a first and second 
tapping Nl and N2 which are in each case connected via a 
semiconductor switch T2 and T3 to the circuit branch which 
connects the shunt resistor R 3 to the semiconductor switch 
T4 . For the driving of the semiconductor switches Tl to 
T4 , which are designed as triacs, their drive electrodes 
are connected to a drive circuit 1 via appropriate lines. 

By means of these triacs Tl to T4 the inductor motor can be 
set at different power levels in that, in dependence upon 
the triac which is switched on, the motor runs at different 
speeds, thereby generating different torques. Thus the 
capacitor motor runs at the lowest speed and thereby is set 
at a low power level when the triac T4 is switched on and 
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the entire auxiliary winding L2 is connected in series, as 
a choke, with the main winding. If, on the other hand, one 
of the two triacs T3 or T2 is switched on, a sub-winding 
L2b or a sub-winding L2a of the auxiliary winding L2 is 
connected in series with the main winding LI so that the 
speed of the motor is increased in stepped fashion, with 
the result that two further power levels can be set. 
Finally the highest power level is reached when the triac 
Tl is switched on in that the auxiliary winding L2 is 
thereby bridged and the main winding LI is directly 
connected to the phase L. The motor runs at its highest 
power level. As a result of this selective connection of 
the auxiliary winding and its sub-windings it is possible 
to set four power levels which, with a uniform operating 
voltage, differ from one another by virtue of different 
torques . 

If, for example, the motor according to Figure 1 is used as 
a pump motor in a heating system, the pump supplies the 
greatest power when the main winding LI of the motor is 
connected via the triac Tl to the phase L of the single- 
phase mains. As a result of the connection of the 
auxiliary winding L2a or L2b, the pump power is reduced in 
stepped fashion until, when the entire auxiliary winding L2 
is connected, the initially lowest power level is reached. 
A further reduction in the power level is possible by 
providing that none of the four triacs Tl to T4 is switched 
on, with the result that only an auxiliary current is 
maintained through the auxiliary winding L2 . With the 
last -mentioned possibility of setting the lowest power 
level, five power levels can thus be set. 

To facilitate the switching of the triacs Tl to T4 in each 
case in the zero transition of the operating voltage of the 
motor, a zero point detector 4 is provided which detects 
the zero transitions of the current by analyzing the 
voltage drop across the shunt resistor R 3 and supplies said 
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zero transitions to a microprocessor 3 . 

For the driving of the triacs Tl to T4, the drive circuit 1 
is supplied with a first control signal Stl generated by 
the microprocessor 3 and with a second control signal St2 
which represents a m-bit data word. This m-bit data word 
is stored in a ring counter 2 and from the latter is read 
out successively into the drive circuit 1 . The data 
content of this ring store 2 is likewise generated by the 
microprocessor 3 and input into the ring counter 2 . 

For the coarse adjustment of the power to be output by the 
motor, a specified power level is set by the first control 
signal Stl in that one of the triacs Tl to T4 is switched 
on. For the fine adjustment of the power to be output by 
the motor the m-bit data word now is used, which latter 
represents a keying pattern for the currently switched-on 
triac. If, for example, the triac T4 is switched on for 
the coarse adjustment of the power to be output, and if the 
motor is to emit a somewhat higher power, for example the 
following data word (01111111) is generated. This 8-bit 
data word circulates in the ring counter 2 in the cycle of 
the mains frequency, and more specifically in the cycle of 
the zero transitions of the main winding current I H , and is 
read out cyclically into the drive stage 1. Here the logic 
"0" causes the power switch T4 to remain closed, while the 
logic " 1" causes this power switch T4 to open and the power 
switch T3 to be switched on instead. In this way for the 
length of one cycle the entire auxiliary winding L2 is 
connected in series with the main winding LI and then for 
the length of seven cycles only the sub-winding L2b is 
connected in series, as a choke, with the main winding LI, 
where at a mains frequency of 50 Hz the cycle length 
amounts to 10 ms . 

The effect of the above mentioned digital word can also be 
defined such that with the logic "0" the switch T4 is 
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closed but with the logic "1" this switch is opened and 
with the latter all the switches Tl to T4 remain open. In 
contrast to the first effect of the digital word, in the 
case of the last mentioned effect a reduction in power is 
achieved which lies between the lowest power level at which 
all the switches Tl to T4 are open and the next higher 
power level at which only the switch T4 is closed. The 
extent of the reduction or increase in power is governed by 
the distribution of the logic "0"s and the logic "l"s 
within the data word. Thus with the aid of this data word, 
which occurs with a specific keying pattern of the switch 
selected for the coarse adjustment of the power output, the 
power range present between two power levels can be 
discretized. The discretization here is a function of the 
word length of the data word. With a word length of 8 
bits, a number of 26 discretization stages results 
according to the following formula: 

(N - 1) ■ N bic + 2 

where N is the number of basic stages - in the present 
example there are 4 basic stages - and N blC is the word 
length of the data word. Finally the "OFF" - state and the 
100% -"ON"- state are to be added as further stages. 

If the motor power now is to be further increased, the 
microprocessor 3 switches to the switch T3 so that now the 
next higher power level is set. 

At the same time a keying pattern based on a 8 -bit data 
word, likewise generated by the microprocessor 3, is again 
generated for this switch T3 so that keying is effected 
either with the switch T2 which is responsible for the next 
higher power level or with the switch T4 which is 
responsible for the next lower power level . 
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The increase in power can thus take place continuously in 
stepped fashion by means of the coarse adjustment and the 
keying patterns generated by the 8 -bit data words. Here it 
has proved that excellent linearity is achieved as can be 
seen from Figure 2. Commencing from the lowest speed, 
which corresponds to the lowest power level, the motor is 
continuously adjusted up to the maximum speed corresponding 
to the highest power level, whereupon it is then adjusted 
back to the lowest speed. In Figure 2 the curve 1 
represents the actual value characteristic of the speed and 
the curve 2 represents the setpoint value characteristic. 
In the case of the curve 2 the discretization stages 
generated by the keying pattern can easily be seen; 
however these are averaged out as a result of the inertia 
of the motor masses participating in the rotational 
movement so that a constant control response in accordance 
with curve 1 results. 

The embodiments according to Figures 3 and 4 differ from 
the embodiment according to Figure 1 in that the auxiliary 
winding L2 has no tappings. In accordance with Figure 3 a 
switch Tl connects the main winding Ll via the shunt 
resistor R 8 to the phase L, whereas in accordance with 
Figure 4 a corresponding switch Tl connects the main 
winding Ll via the shunt resistor R 3 to the zero conductor 
N of the operating voltage supply. Also in the case of 
these two embodiments, for the driving of the switch Tl a 
m-bit data word generated by the microprocessor 3 is fed 
via a ring counter 2 to the drive unit 1, as explained in 
association with the embodiment according to Figure 1. As 
the auxiliary winding L2 has no tappings, a first control 
signal Stl, which is required in association with the 
exemplary embodiment according to Figure 1, also is not 
required . 

By appropriate selection of the m-bit data word, any power 
level between the lowest power level - i.e. with the switch 
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Tl open - and the highest power level - with the switch Tl 
closed - can be set. 

A linear ascent to the highest power level of the motor is 
also possible if the logic values of the respective m-bit 
data word, which logic values effect the closure of the 
switch Tl, increase successively until, in the maximum 
power output state, all the logic values of a m-bit data 
word effect the closure of the switch Tl . A speed curve as 
illustrated in Figure 2 can be achieved in this way. 

On the basis of the linear characteristic of the control 
process according to the invention it is possible to 
construct automatic regulating systems with a constant 
control response. Thus for example the capacitor motor 
shown in Figures 1, 3 or 4 can be used as a pump motor for 
heating systems, where the controlled variable can be the 
speed of the motor, the differential pressure in the closed 
heating system or also the room temperature. The actual 
value detection here can be carried out in a manner with 
which those skilled in the art will be familiar, for 
example using a tacho-generator or exclusively by the 
detection of electrical variables, where the microprocessor 
3 derives a correcting variable from the actual value and 
from a setpoint value, which correcting variable leads to a 
specific coarse adjustment of the power output and to a 
corresponding keying pattern in the case of the exemplary 
embodiment according co Figure 1 and merely requires a cu- 
bit data word, which latter is converted by the drive unit 
1 into a corresponding on/off keying pattern for the switch 
Tl, in the case of che exemplary embodiments according to 
Figures 3 and 4 . 

The control process according to the invention can be used 
in all cases where capacitor motors are employed, thus also 
for example for fan motors for refrigerating units or drive 
motors for hoisting machines. 
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1. A process for the power control of an induction motor 
run from a single-phase supply mains , with a main winding 
and an auxiliary winding, wherein by means of a switch 
controllable by a drive circuit the main winding is 
directly connected to the single-phase supply mains, 
wherein : 

a) for the setting of the power to be output by the 
induction motor a recurring digital m-bit data word is 
generated, 

b) the switch is actuated as a function of the 
consecutive logic values of the m-bit data word and 

c) the actuation of the switch is synchronised with the 
mains frequency. 

2. A process according to claim 1, wherein the motor is a 
capacitor motor. 

3. A process for the power control of an induction motor 
run from a single-phase supply mains, with a main winding 
and with an auxiliary winding provided with n tappings, 
wherein different power levels of the induction motor can 
be set by means of (n + 2) switches which are controllable 
by a drive circuit, in that in each case with a switch the 
auxiliary winding can be connected in series with the main 
winding or in each case a tapping of the auxiliary winding 
can be connected to the main winding or the main winding is 
directly connected to a phase of the single-phase mains, 
wherein : 

a) for the coarse adjustment of the power to be output by 
the induction motor a specified power level is set by 
the closure of a first switch, 
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b) for the fine adjustment of the power to be output by 
the induction motor a recurring digital m-bit data 
word is generated, 

c) as a function of the consecutive logic values of the 
m-bit data word, the first switch selected for the 
coarse adjustment of the power output is actuated in 
alternation with a second switch, where this second 
switch sets the next higher or the next lower power 
level compared to the first switch and 

d) the alternating actuation of the first and second 
switches is synchronised with the mains frequency of 
the single-phase mains. 

4. A process according to claim 3, wherein the motor is a 
capacitor motor. 

5. A process as claimed in Claim 3 or 4, wherein for the 
setting of the lowest power level only the auxiliary 
winding is energized, and wherein: 

a) for the coarse adjustment of a low power to be output 
by the induction motor, the switch which switches the 
entire auxiliary winding is actuated and 

b) the m-bit data word generated for the fine adjustment 
of the power to be output leads to the on/off keying 
of the switch as a function of the consecutive logic 
values of the m-bit data word. 

6 . A device for the implementation for the process 
claimed in Claim 1 or 2, wherein: 

a) a microprocessor and a ring store are provided, 
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b) where the microprocessor generates the m-bit data word 
and supplies the latter to the ring store and 

c) the ring store supplies the logic values of the m-bit 
data word successively to the drive circuit for the 
setting of the power to be output by the induction 
motor . 

7. A device for the implementation of the process claimed 
in any of Claims 3 to 5, wherein: 

a) a microprocessor and a ring store are provided, 

b) the microprocessor carrying out, via the drive 
circuit, the coarse adjustment of the power to be 
output by the induction motor and also 

c) generating the m-bit data word and supplying it to the 
ring store and 

d) the ring store supplies the logic values of the m-bit 
data word successively to the drive circuit for the 
fine adjustment of the power to be output by the 
induction motor. 

8. A device as claimed in Claim 6 or 7, wherein a zero 
transition detector is provided for the clock control of 
the ring store. 

9. A process substantially as herein described with 
reference to Figs. 1 and 2, or Fig. 3, or Fig. 4 of the 
accompanying drawings . 

10. A device substantially as herein described with 
reference to Figs. 1 and 2, or Fig. 3, or Fig. 4 of the 
accompanying drawings . 
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